<i9>H*BH«w (jp) 02) & H 4tf 1^ & ^ (a) aiywmm&mtt 

#^2000 -327338 
(P2000 - 327338A) 
(43)^fflB ¥J*12¥1U!28B (2000. 11.28) 



(5Dinta 7 mm^ 

C 0 1 G 51/00 
H0 1M 4/02 
4/58 
10/40 



F I 

C 0 1 G 51/00 
H0 1M 4/02 
4/58 
10/40 



T-73-h*(#%) 
A 4G048 
C 5H003 
5H0 1 4 
Z 5H029 



(21)fflS#^ 


1-133497 


(71) HJISA 


000003263 










(22)fflS0 


¥^11^5H14B(1999.5. 14) 










(72)S89J# 


mm m 








fmw&mm$i4 t@ 3 














(74)«9A 


100080791 



















(54) QfeBOgft] L 1 - C O JS«£6tfcfc 



(57) [£»] 

[Mi] y^/cu>ct«4^o**ttr»aw» 

M$tt£&«U#& L i - C o|iS£K«£ffi«-f l> 

[«Hfc#ai itmmmA <m* / g ) ty-mtm 

7=S (20/ (AB) ) g9 



(jum) tco«*>T^ ( 1 ) *m&ti>Li -Coll 

//rnSSOL i -C oJRa^BMt!ft(?5Stt*^4 0 0- 
7 5 0 "C^ft-fflSTT' 0 . 5-50 ftlttK&I ft t> 

(i) 



!(2) 000-327338 (P2OOO-0; 38 



c ~mm 1 1 tt&m ( m* / g ) t ^mm ( ^ 

7^ C2 0/ (Jfc3Sfi«x¥*ja£) 3 ^9 

im&2] &%mco¥-tmm\ 10^-2 5 ^ 

m-CS) S8I*« 1 KtfcOL i - C o$«&iMbft. 
[»*I| 3 ] L i - C o S«£iKfcfttf>fi«fo* 4 0 

o~75o wwwrrc o . 5 - 5 o isfas^a t t 

ftfc fc C7)T'J> mim 1 * 2 E«0 Li-CoM 

I. f&fcJS 1 ~ 3 O v YftiMZsdMtrt L i - C o im&W. 
AS*. 

[00 0 1] 

ZiWEfeOjEESftKi: bTWffl&L i -C o£«£® 
[00 021 

LT , L i - M n L i - N i &«£BHfc 

ft, Li-co*«^i«isft=flrif*qeiES*i. **tfe» 

n^g-^Kftft^L i -NilMfcWi, MnW 
i -M naMi^»fl3l«4«t-C«S*OZ.<>1Kft*«3i 

uKv^nn^jb o . -2fl i -n i attgiMHMi. it 
i b m Lxw^mz^mxh h erem o 

7=S C2 0/ (Jt^SmxTOufl) 

® Li-c omsmm^mmz* 00-750 

"CWSSKTTO . 5~5 0B«na«»UT#fct>«>"t' 

j>4±iEa>* fett©iaa<oL i -c o*«£Kfc». 

Li fl Co M Me, 0 2 
* (2) AJiO. 0 5-1. 5*SS, #£L 

<{20. 1-1. lgflTCfcO. X{±0. 0 1-0. 5 
SJSs^KO. 02-0. 2 L 
V>. TcSMefcl/OL ««JBW«)3-10iea, 
fiflRlfZr, V. Cr> Mo, Mn, Fe, Ni£fc\ 
ifcJil 3-1 5$OT#. (FRtfB, Al.Ge.P 
b , Sn. S b ft t* -C'S. 4 . **l £«>7C*<0_aELtC 
Co^liLtL i -CoM^ltttfe-'^t^ - 

7g C2 0/(ttaBS«xT^SS) 3^8. 5 



[0003] 3&*-l>*filrS: : S'-n> L i - CoM« 
ifcSiVtUS. «ifcm&¥7- 1 183 1 8#&* 

tii, Licoo 2 zwm-t&tfofz*). Bfifcsu-f- 

* Aft^ft fc 3 A> h ft£ft fc OffiJflit* "J f">^# 'J 
*RJ&0 U f-*7 Mt^^m^hm 'J * 

<fflpf-5- 18 2 6 6 7^«tH±» Wfc<0«tt+fc*J 

fcftfc. LiCoOj fc^yf-^SrftfftfUfrS^ 

[0004] b z bx*wmb v u~> idm<rM%fr 
h . W^lfc^fflWt ©Si: L i - C o&H£- 

[00051 

[^*mt £ tak-ri»isii] L*»ut*ffflBii, ± 

JJWt'f ?;^14SK»U#I>L i - CoSMitt 
[0006] 

CD ]t^ffi« (m 2 /g) (Mm) koSW 4 

( 1 ) m^thwmxhhzbmmb-fh^ 



i -CoMS 

(1) 

[000 7] 

[^HBoSlltO^ffi] *% H ^L i -Co^a-^iStt 
(i, <fciW«JtWK:lis LiCo0 2 tizlitnc on- 

HfTtf. (2) t-C*$^4t)<0T$>oTt«tV\ 

(2) 

[0008] jgffl<?> L i - C o mi^M(Mi. KM 

wfcb^mmbcrmtfis. ( 1 ) twa-tittttnifc'c 
M^trt. C2 0/ (mmx^m) d « 

■C{±T5^ (3) *8W£f 6ttK«U='CWlS**iT«r4L 



(3) 



!(3) 000-327338 (P2000-"+c38 



[0009] *^hj<7)l i - c om&mmtfHw 
s ( i > ft*ui5U3) ^jftt-fRO. yf->Aza 

S*^=5rL i -C ojm^WUtWi. -JRWfcRJGtt 

y?-^AZiKTOtf>£^^ffi&»fc 3 P*&fiS#l 0/im 
lilbot^tfiflfc U\ ifcfigtfifcfcSrL i -C 

Xn®n<$.&%m%tzVnx.*}V¥-®m<wmi,zm i 
h<r>X\ ^SS* ? 2 5/xmJilT<OtWA<lJiLV%. - 
L i -c o*«^lKb*wJtSiifflt<o»i U^ieB 

0. 1-0. 3m* /gg*.8rC0. 15-0. 25 
m* /gSffi-C*6. 

[ooio] i - c omt&mmi. aj« 
f£l-&ft£*^#-e iooo x:fi^T' l - 5 o e$is 

m$«w>. *>< ixmmttzL i -c oisa^K 

^tf)#Rft*»I*U ( 1 ) 

(3) fc«3ttitaBWfc¥%tig**r4t<0^*IR 
L T fl* i t tfX'Z h . £> & V Mi_t8E<3»#tt * » 
» LXWz h wfir L i - C o *«-&UMbft wa* 
ft. tt^WWafitfl 0,um-2 5,umc0fittft£4 0 
0-7 5 0'<Z ^(C4 5 0 — 7 0 0'CgJt<7>iti&J£TT' 

o. 5-5 08*0. #(c 1-2 omsmsegymtiz 

*C»*«4^T. »Ha+«>l)ab!r^Bi. 10mm 
Hsn&VTt-t&Zktfl&tLW 

[ooii] m.<r>$mmtzh v^Mt^maxx/ 
ft. 7K®-(bft. Any^b*. mmm. lo^ss. ^ 

Be®5ri?£fi*£LftS. sU2) ^-tJioSr. Bp-ijC 
o <0-»*«flfii07C*TffiftS ft*: L i - C o JfcfltelHfc 

(xtm) = ( END 3 /IN) 
[0014] *»$fc>L i - C o^-^gHLftii. y f- 

Tjna^to«s j ? > ssttfc«fc:ffl^'c y f-^zaaras 

[ 0 0 1 5 ] L i -C o$ft£lgfcfeOtg3f3iJfc tT 



«Wfc, L i-Coftft^IHlSfctCtt. iMtyf- 
*iMfcyf">A, KSy^A, Kfta^l/h. 

m£3rt)Ubh&wi*cotb<&Fiim (mum. ffl. 

X7^&fcV>&S<^t£ft) tf^ftS-Ii:*^ 

**»0L i -C oSRa^KftfliCfe^Ttt. 'J^ 
*Aft£1iPFttft<DMHfc& { 0 . 5Mi%IilT. 

?*HiKO£fHb& t 0. 0 6a»%JJlTT-*ix(f. 
^ft<D£1T£§*£-f 

[0012] a^KBtogmC: . L i - C o%M 
Z^«jfi^3ESScm-f A 7;HStt£|6j±-ra3&«#*4. 

wtfc. #i=Jt*B«^^«**i ojgja±-c*s 

1 i - c o jsMg^iHkflrt^fcff* tv^ tcaitmm. 
m&mt. mmm^itmmkmmmmmm 
t<nm.<nmmmmitmmmzmhPi^ (%> 

[0013] *S6BHfcteV^T . L i - C o%ffi£Rft$l 

*. tJfiSI^9SiJ. i^Ste (JtDK) Hff. 1 9 9 5^D O 
mi 7 85-^1 84HCBE»$*Lfc«Wffio3%. 2 

C¥*aas<oa®sraD l i -c o^^cft^i^ 

ft^7KS> S V ^{ix ^ y t'^S^CSA L . 3 
5-4 0 k H z SJS' 7 5^§ : Bft5:'f ! t-^- Lf£ffi&lZX$)2 ft 

mcommmwiMcou-i-'-m&m (Mmmzm-z 

ta^3fct60Jt) * i 7 0-9 5%k^r^gkL. 
U-if-^«085tSLt<i: Offl^&ftft^&S (D, s D 

2 . d 3 • • ) . ai.T/m.w»^wm (Nj. 
n 2 . n 3 • • • ) mm-th {m«<?>wm<tfm 

( D ) Ji. 7^nh77 ^es^flftht iixifa^o 

tk^CDtim (N) k#fig (D) k*>4>T5S (4) IZX 
1/3 (4) 

^■yh\ ^ijifi/y, ifi/y-roei/y-y'xy 
^yv-^k'*<^$ti. ^S^JkUTJi:. ^Jitt'« 

L i - C ofttt&BHUto 1 0 0fi4S?> 

feo i—i o«*^ss. »tc2~5a»«BSfltr» 



» 



!(4) 000-327338 (P2000-P fg 



Y) . jg^iJcoffifflft(±L i - C omt&Wefa 10 0* 

arc* s. i£S»«*tt-ci±, r;ws-«7A, r^s 
^y^t'comWt^O- if ^ l o~i 
OO/imgJS, «ft: 15-50 At mSflEWfS'Wt** 
fg. l?£2 5~3 0 0jumg;g. #t3 0~150/im 

[0016] jueauu * u*h**w* fc . 
mtmmt^m i o oMMWbfcos 0-9 6 

;K ft. SUS&fc'tf>»11tt&E<9. lf$5~10 0/< 

0-3 0 0^mgJK, ftC2 5-10 0/imiie^ 

[0017] tt?$k LT14. «Rt*WW(tK»»» 
■tbifc<O0WSSit&. LTJ4. L i C 1 

0 4 . L i B F 4 . LiPF 6 . LiAsF^ Li A 
1C l ts Li (CF 3 SO, ) , N*ZM*Ztl~ 

[00 18]*»«LT14. ift/y*-^*- 
S/'x-f/l/#-*'*-K xf-^f-;^— #*-K ^* 
y, l , 2-v> |-*vx?y, n 



y 2-^fJi'ff5tKD77y, i/xf-yi/X-T^ 
[00 19] 

[0020] SQS«1~4, Jt«SWl~5 
Co 3 O, iLi 2 C0 3 fc£H§V\ Co 3 0 4 1 00 
ffftfffcfc 0 L i 2 C 0 3 Sr 4 2 MSfe a t£ L . -e<0%- 
S#B8fc*!j9 8 0r:?»l 08#iaSiJ£U flUftK-fc 1 )* 
teWKWLiCoO, MWMWU ov^T*»«W» 
WMLX. «l(=S^tWttf!l~4. tfc«Wl~5eO«- 
LiCoO, 8ttft£f*fc. &fcJt&0IJl~3<O#Li 
Co0 2 ftll^OV^TttJJEOSMBa**^^ 

[00211Hlt, *|tBte itftt«»W>*L i C o 

o 2 mmiz-o^xnmm&ft (iftKfcJtraia) , 

ffeffiH&OL iCo0 2 SftlfOTWB, it«ffi« 
A »aC4i»lt^ffi«^«^K (AA) . fcilX 
C20/( AB) ] OfcfcWl-tttSj**. =5:i3^a2r 
JfeLTVv5rV->JtWJ 1 ~3^L i C o 0 2 fi^Ko 

[0022] 











A A 


20/CAB) 










SB 


fcA 










as 












c -c) 


(hr) 


( //IB) 


(nVg) 


OO 




OS) 




500 


12 


19.7 


0.136 


15.0 


7.46 


90.6 




700 


12 


19.9 


0.U6 


27.5 


8. 66 


91.2 




500 


12 


16.4 


0. 157 


21.5 


7.76 


91,5 


mm®* 


600 


12 


13.0 


0.214 


23.6 


7.19 


90.4 


ttnmi 






12.6 


0.280 




5.67 


83.1 








16.2 


0.200 




6.17 


81.4 


JtttfflS 






19.4 


0.160 




6. 44 


78.3 


JtttflM 


800 


12 


17.6 


0.115 


22.5 


9. 88 


82.6 




800 


12 


20.9 


0.096 


38.0 


9.97 


82.3 



[ 0 0 2 3 ] mm 1 ~ 4 fc i tfttKW 1 ~ 5 W=& L i 



L"C«DJI§ 2 0// m^T/U S -*7 AfSO 



'■(5) 000-327338 (P2OOO-0.238 



ms9oa*gs, ^u^-y-fbf^'jry i oa*a, & 

J:I/N-^f-;k2tfo'J h'y2 0 0fi4SBfc£;S£LT 

l/Cffl»»Jiffl*fc 0 1 0 . 4mg/cm2 cOfiSvSft 

tUS$65mm, flg 1 8mm<OP3f5ffig«oy f-^ 
(K«^fi : 1 3 0 OmAh ) £J8tU:. 

ug&tmami3 -.2:5) 1 y -y wi^fco 1 ^ 

iE®|ti:^«*i:«Oiac*SLJt. 

[0024] ov^y^iOftrnfftto^ . oro 

ttfcSiSgL. 1 0 0-9-^f ?^Btf>»CMtti»* (%) 

C«^^^SWttri6D JEa*^Bfflllcin* *fc 
0 2. 6mA0)£1K3SfcJ:tf4. 2V<0j£HEET"C2. 



2 3mA<7)^mgS<Otft'S^mE* { 3Vt 
gfcl1M7;i/fcLTSffl (2 0"C) TT1 0 0HM9 
m§M (mA • H) 6. SlBOttMW 

(%) t-rs. 

[0 02 5]*UjK>, C20/AB] cOfi^ffieL^ 
sU 1 ) <O«HWfc&4ita0«l~5<O#L i Co0 2 

1 0 OiM ^/l-Stfc(t-i.JRfl:§»»*^8 5%OT 
TftSWtcitLT. C 2 0/AB) comffi ( 1 ) OSS 
BftfcA&IWJ l-4«#LiCo0 2 fi«Hi£ JEfi 
JSHrtlf: LTfflvtfryf-^AZ&SflMi, 1 0 01M? 
B fciJ V vt t> 9 0 %UU:«0^1KFJBItft$s £ W I , 

[0026] 

[3HHO»*] *»L i -C o«tt^K^Wi, IE 



F^-A(##) 4G048 AA04 AB05 AC06 AD04 AE05 
5H003 AA04 BA01 BB05 BC01 BDOO 

BD01 BD02 BD05 
5H014 AA01 BB01 CC01 EE10 HHOO 

HH06 HH08 
5H029 AJ05 AK03 AL06 AM03 AM04 

AM05 AM07 CJ02 CJ28 DJ16 

HJOO HJ05 HJ07 HJ14 



THIS PAGE BLANK (usptq) 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-327338 
(43)Date of publication of application : 28.11.2000 



C01G 51/00 
H01M 4/02 
H01M 4/58 
H01M 10/40 



(2 ^Application number : 11-133497 (71)Applicant : MITSUBISHI CABLE IND 

LTD 

(22)Date of filing: 14.05.1999 (72)Inventor : GOSHO ITARU 



(54) Li-Co-BASED COMPOUND OXIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound oxide useful as a positive pole 
active material for a lithium secondary battery by setting the specific surface area and 
average particle diameter of a compound oxide containing Li and Co so that the value 
obtained by dividing a constant by a product of the specific surface area and average 
particle diameter is within a specific range. 

SOLUTION: This particulate Li-Co-based compound oxide has 20/(specific surface area 
x average particle diameter) satisfying 7-9 and 10-25 \im average particle diameter. The 
specific surface area is preferably 0.1-0.3 m2/g. The compound oxide is obtained by 
mixing a lithium compound with a cobalt compound in 1 : 1 atomic ratio of cobalt to 
lithium or in an atomic ratio of more lithium than cobalt, heating and baking the resultant 
mixture at about 1,000°C in the atmosphere for 1-50 h, providing a massive material of 
the Li-Co-based compound oxide, pulverizing the resultant massive material, classifying 
and collecting a particulate material having 10-25 ^m average particle diameter and 
further carrying out heat treatment at 400-750°C for 0.5-50 h. The charge and discharge 
cycle characteristics of a nonaqueous electrolyte secondary battery are improved by using 
the compound oxide as a positive pole active material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The Li-Co system multiple oxide characterized by being the granular object 
with which the product of specific surface area (m2 / g) and mean particle diameter 
(micrometer) is satisfied of a bottom type. 

7 <=[20/(specific-surface-area x mean particle diameter)] <=9 — [Claim 2] The Li-Co 
system multiple oxide according to claim 1 whose mean particle diameter of a granular 
object is 10 micrometers - 25 micrometers. 

[Claim 3] The Li-Co system multiple oxide according to claim 1 or 2 which heat-treats 
the granular object of a Li-Co system multiple oxide for 0.5 to 50 hours, and obtains it 
under 400-750-degree C high temperature. 

[Claim 4] The Li-Co system multiple oxide according to claim 1 to 3 which is an object 
for the positive active material of a nonaqueous electrolyte rechargeable battery. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a Li-Co system multiple oxide useful as 
positive active material of nonaqueous electrolyte rechargeable batteries, such as a 
lithium secondary battery, especially about a Li-Co system multiple oxide. 
[0002] 

[Description of the Prior Art] Those parts have come [ as positive active material of 
current and a lithium secondary battery, / the Li-Mn system multiple oxide, the Li-nickel 
system multiple oxide, the Li-Co system multiple oxide, etc. were proposed, and ] to be 
used. Among those, since a Li-Mn system multiple oxide and a Li-nickel system multiple 
oxide are abundant in the resources of Mn or nickel, while it can manufacture cheaply, a 
Li-Mn system multiple oxide has the problem which cannot manufacture the 
rechargeable battery of high capacity easily generally, and on the other hand, a Li-nickel 
system multiple oxide is chemically unstable, and has a problem in respect of the safety 
of a rechargeable battery. On the other hand, since the Li-Co system multiple oxide is 
chemically stable as compared with a Li-nickel system multiple oxide, it is easy handling, 
and since it can moreover manufacture the rechargeable battery of high capacity, 
practical use is presented with them by current. [ most ] 

[0003] To the rechargeable battery using the Li-Co system multiple oxide which has this 
advantage, the demand which improves the cell property further is increasing, and the 
proposal and report for it are also made recently. For example, in JP,7-1 18318,B, it is 
LiCo02. In manufacturing, it blends and mixes and the use rate of a raw material slack 
lithium compound and a cobalt compound is heated so that a lithium may become rich, 
and if it carries out, carrying out rinsing removal of the unreacted lithium compound 
contained in a resultant or the byproduction **** lithium carbonate, the thing which write 



and which the discharge capacity of a rechargeable battery improves are indicated. 
Moreover, it is LiCo02 in order to prevent beforehand the explosion accident based on 
the unusual cell reaction under operation of a cell in JP,5-182667,A- Making a lithium 
carbonate living together and its concrete approach are indicated. 
[0004] By the way, when the Li-Co system multiple oxide which has a specific specific 
surface area and particle size was used as positive active material from the latest research 
which this invention person did, it became clear that the charge-and-discharge cycle 
property of a lithium secondary battery could be improved. 
[0005] 

[Problem(s) to be Solved by the Invention] Carrying out a deer, it develops and 
completes based on the above-mentioned new knowledge, and this invention is useful as 
positive active material of a lithium secondary battery, and makes it a technical problem 
to offer the Li-Co system multiple oxide which can improve the charge-and-discharge 
cycle property of this cell. 
[0006] 

[Means for Solving the Problem] The above-mentioned technical problem is solvable 
from the following Li-Co system multiple oxide. 

** The Li-Co system multiple oxide characterized by being the granular object with 

which the product of specific surface area (m2 / g) and mean particle diameter 

(micrometer) is satisfied of a bottom type (1). 

7 <=[20/(specific-surface-area x mean particle diameter)] <=9 (1) 

** The Li-Co system multiple oxide given [ above-mentioned ] in ** the given mean 

particle diameter of a granular object is 10 micrometers - 25 micrometers. 

** The above-mentioned ** which heat-treats the granular object of a Li-Co system 

multiple oxide for 0.5 to 50 hours, and obtains it under 400-750-degree C high 

temperature, or a Li-Co system multiple oxide given in **. 

** A Li-Co system multiple oxide given in either the above-mentioned ** which is an 
object for the positive active material of a nonaqueous electrolyte rechargeable battery - 



** 



[0007] . . . 

[Embodiment of the Invention] The Li-Co system multiple oxide of this invention is 
LiCo02 in chemical structure. Or it may be shown by what [ what permuted a part of the 
Co by a kind or two sorts or more of other elements ] (2), for example, a bottom type. 
LiACol-XMex02(2) 

In a formula (2), A is 0.1 to about 1.1 preferably 0.05 to about 1.5, and, as for especially 
X it is [ 0.01 to about 0.5 ] desirable that it is 0.02 to about 0.2. As an element Me, 3 - 10 
group element of a new periodic table, for example, Zr, V, Cr, Mo, Mn, Fe, nickel, etc., is 
13 or - 15 group element, for example, B, aluminum, germanium, Pb, Sn, Sb, etc. If it is 
in the Li-Co system multiple oxide which permuted Co by two or more sorts of those 
elements, the total quantity of two or more sorts of elements should just be within the 
limits of Above X. 

[0008] The Li-Co system multiple oxide of this invention is formed by the granular 
object with which the product of specific surface area and mean particle diameter is 
satisfied of a formula (1). When a granular object with the larger value of [20/(specific- 
surface-area x mean particle diameter)] than less than 7 and 9 is used as positive active 
material, amelioration good in the charge-and-discharge cycle property of a lithium 



secondary battery is not found, but especially the Li-Co system multiple oxide that it 
comes to form by the granular object with which a deer is carried out and it is satisfied of 
a bottom type (3) in this invention is desirable. 
7 <=[20/(specific-surface-area x mean particle diameter)] <=8.5 (3) 
[0009] As long as the Li-Co system multiple oxide of this invention fills an above- 
mentioned formula (1) or an above-mentioned formula (3), from a viewpoint of the 
charge-and-discharge cycle property of a lithium secondary battery, there is especially no 
limit about each magnitude of specific surface area and mean particle diameter. However, 
since it is generally rich in reactivity and easy to cause an unusual cell reaction generally, 
a thing 10 micrometers or more has the field of the safety of a lithium secondary battery 
to mean particle diameter desirable [ too little / mean particle diameter / Li-Co system 
multiple oxide ]. Moreover, since electric resistance leads to reduction of the energy 
density per unit volume of a lithium secondary battery greatly for this reason, a thing 25 
micrometers or less has mean particle diameter desirable [ the Li-Co system multiple 
oxide with an excessive particle size ]. On the other hand, the range where the specific 
surface area of a Li-Co system multiple oxide is desirable is 0.1-0.3m2 / g grade from a 
viewpoint of the charge-and-discharge cycle property of a lithium secondary battery, 
especially 0.15-0.25m2 / g grade. 

[0010] As for the Li-Co system multiple oxide of this invention, the atomic ratio of cobalt 
and a lithium a start raw material slack lithium compound and a cobalt compound 1 : 1 or 
other atomic ratios, Mix so that a lithium may serve as many eyes from cobalt somewhat 
above all, and the mixture is made to react by the well-known approach. For example, 
heating baking of this mixture is carried out around 1000 degrees C in atmospheric air for 
1 to 50 hours, the massive object of the Li-Co system multiple oxide manufactured in this 
way can be ground, classification extraction can be carried out and the specific surface 
area which subsequently fills a formula (1) or a formula (3), and the thing which has 
mean particle diameter can be obtained. Or the granular object of Li-Co system multiple 
oxides, such as what ground and obtained the above-mentioned massive object, and 400- 
750 degrees C of granular objects whose mean particle diameter is 10 micrometers - 25 
micrometers above all can be especially manufactured also by heat-treating especially for 
about 1 to 20 hours under about 450-700-degree C high temperature for 0.5 to 50 hours. 
Although what is necessary is just to perform this heat treatment in atmospheric air or 
inert gas ambient atmospheres, such as nitrogen and an argon, if carbon dioxide gas exists 
in the ambient atmosphere which heat-treats, since a lithium carbonate will arise and it 
will lead to increase of the content of an impurity, as for the carbon dioxide partial 
pressure in an ambient atmosphere, it is desirable to carry out to below lOmmHg extent. 
[001 1] As an above-mentioned start raw material slack lithium compound and an above- 
mentioned cobalt compound, the oxide of a lithium or cobalt, a hydroxide, a halogenide, 
a nitrate, an oxalate, a carbonate, etc. can be illustrated. When manufacturing the Li-Co 
system multiple oxide by which a part of Co was permuted by other elements as shown in 
a formula (2) namely, initial-complement addition of the compound of this permutation 
element is carried out at the above-mentioned mixture, and it is good to carry out heating 
baking. In addition, generally, although lithium oxide, a lithium hydroxide, a lithium 
carbonate, cobalt oxide, cobalt carbonate, or other impurities (for example, compound of 
metals, such as iron, copper, and nickel) are usually contained in a Li-Co system multiple 
oxide in many cases, in the Li-Co system multiple oxide of this invention, the total 



quantity of a lithium compound impurity can permit content of this impiarrty if the total 
quantity of 0.5 or less % of the weight and a cobalt compound impurity is the total 
quantity of the impurity of 1 .0 or less % of the weight and others ] 0.06 or less /. of the 

roon] Although the mean particle diameter does not change with heat treatments 
ub tantially like - generally in the granular object of a Li-Co system multiple oxide, 
spSsurface areaLds to decrease, according to research of this invention person a 
eason is not yet certain, but it is effective in improving the charge-and-discharge cycle 
property of a lithium secondary battery. Especially the Li-Co system multiple oxide with 
which the deer was carried out and specific surface area decreased by the above- 
mentioned heat treatment in this invention and especially whenever [ reduction / in 
specific surface area / whose ] is 10% or more is desirable. In addition whenever [ 
reduction / in specific surface area ] is expressed with the rate (%) to the specific surface 
area after heat treatment of the difference of the specific surface area before heat 
treatment, and the specific surface area after heat treatment. 
r00131 In this invention, the specific surface area and mean particle diameter ot a 
granular obTect of a Li-Co system multiple oxide can be measured by the approach shown 

^rsuri^mexhod of specific surface area] Nitrogen is twisted by the gas-phase- 
Lrption method (one point method for BET method) made into adsorben among the 
adsorption processes indicated by 178th page - the 1 84th page of' the ingredient 
chemTstry [Yasuo Arai work, the 9th - of the first edition, the Baifukan (Tokyo) issue, 

[M^uring 0 LSfmean particle diameter] The granular object of a Li-Co system 
multTpl oxide is fed into organic liquids, such as water or ethanol The dispersion liquid 
which carried out distributed processing for about 2 minutes and which were ob ained 
where an about 35-40kHz supersonic wave is given are used. And the amount of the 
ranulaTobiect in that case is made into the amount from which the laser permeability 
ffiSSSL quantity of light to the amount of incident light) of these dispersion 
iquid becomes 70 - 95%. subsequently, these dispersion liquid - taking the post - a 
S truck grading-analysis meter - applying - dispersion of laser light-- .** particle 
size(Dl -) of each granular object D2, D3 .., and the existence number (N1,N2,N3 ) 
for every particle size are measured (according to the micro truck grading-analysis meter 
in the particle size (D) of each granular object, a spherical equivalent diameter is 
a—ally measured for every granular object of various ^^o^l 
carried out and mean particle diameter (micrometer) is computed by he bottom formula 
Wfromle number (N) of each particle and each particle size (D) which exist in a v 1S ual 

field 

Mean-particle-diameter (micrometer) = (sigmaND3 / sigmaN) 1/3 (4) 
mOH] The Li-Co system multiple oxide of this invention can be used as positive active 
material of nonaqueous electrolyte rechargeable batteries, such as a lithium secondary 
£atte for example, can be used with other well-known ingredients and members as an 
ob£t for lithium'secondary batteries, and manufacture of 

can be presented with it. The main ingredient or main member of other is illustrated 
\ooTs] As a binder of a Li-Co system multiple oxide, a polytetrafluoroethylene, poly 



vinylidene fluoride, polyethylene, and ethylene-propylene-diene system polymer etc. is 
illustrated, and nature, artificial graphites, conductive carbon black, etc., such as a fibrous 
graphite and scale-like graphite and nodular graphite, are illustrated as an electric 
conduction agent, for example. The amount of the binder used is per [ 1 ] Li-Co system 
multiple oxide 100 weight section - 10 weight sections extent, especially 2-5 weight 
section extent, and the amount of the electric conduction agent used is per [ 3 ] Li-Co 
system multiple oxide 100 weight section - 15 weight sections extent, especially 4-10 
weight section extent. Especially especially as a positive-electrode charge collector, an 
about 30-150-micrometer expanded metal etc. is desirable about 25-300 micrometers in 
an about 15-50-micrometer foil, a hole vacancy foil, and thickness about 10-100 
micrometers in thickness of conductive metals, such as aluminum, an aluminium alloy, 
and titanium. 

[0016] When an example desirable as a negative-electrode active material is given, it is 
graphites, such as a various kinds of natural-graphites and artificial graphites, for 
example, fibrous graphite, and scale-like graphite and nodular graphite, and is a 
polytetrafluoroethylene, poly vinylidene fluoride, polyethylene, and ethylene-propylene- 
diene system polymer etc. as the binder. The amount of the negative-electrode active 
material used is per [ 80 ] total quantity 100 weight section - 96 weight sections extent of 
a negative-electrode active material and a binder. Especially especially as a negative- 
electrode charge collector, an about 25-100-micrometer expanded metal etc. is desirable 
about 20-300 micrometers in an about 8-50-micrometer foil, a hole vacancy foil, and 
thickness about 5-100 micrometers in thickness of conductive metals, such as copper, 
nickel, silver, and SUS. 

[0017] As the electrolytic solution, what dissolved salts in the organic solvent is 
illustrated. As these salts, LiC104, LiBF4, LiPF6, LiAsF6, LiAlC14, Li(CF3 S02)2 N, 
etc. are illustrated, and those kinds or two sorts or more of mixture is used. 
[0018] As an organic solvent, ethylene carbonate, propylene carbonate, dimethyl 
carbonate, diethyl carbonate, ethyl methyl carbonate, dimethyl sulfoxide, a sulfolane, 
gamma-butyrolactone, 1, 2-dimethoxyethane, N.N-dimethylformamide, a 
tetrahydrofuran, 1, 3-dioxolane, 2-methyl tetrahydrofuran, diethylether, etc. are 
illustrated, and those kinds or two sorts or more of mixture is used. Moreover, 1. is 
suitable for the concentration of the above-mentioned salts in the electrolytic solution in 
about 0.1-3 mols /. 
[0019] 

[Example] Hereafter, while an example explains this invention to a detail further, the 
example of a comparison is also given and the remarkable effectiveness of this invention 
is shown. 

[0020] Examples 1-4 and example of comparison l-5Co 304 Using Li2 C03, 42 weight 
sections mixing of Li2C03 is carried out per Co3 04 100 weight section, the 
homogeneous mixture is calcinated at about 980 degrees C for about 10 hours, and it is 
baking. Obtained massive LiCo02 Each LiCo02 of the examples 1-4 which carry out 
grinding classification, subsequently heat-treat in atmospheric air, and are shown in Table 
1, and the examples 1-5 of a comparison The granular object was obtained. In addition, 
each LiCo02 of the examples 1-3 of a comparison The above-mentioned heat treatment 
has not been performed about a granular object. 

[0021] To Table 1, it is each LiCo02 of an example and the example of a comparison. 



LiCo02 after the heat treatment conditions (temperature and time amount) about a 
granular object, and heat treatment Whenever [ reduction / of the mean particle diameter 
B of a granular object, specific surface area A, and the specific surface area by heat 
treatment ], and (deltaA) the value of [20/(AB)] are shown, respectively. In addition, each 
LiCo02 of the examples 1-3 of a comparison which have not heat-treated About a 
granular object, mean particle diameter B and specific surface area A show the value 
about the granular object which is not heat-treated. 
0022] 
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[0023] Each LiCo02 of examples 1-4 and the examples 1-5 of a comparison Using the 
granular object, the 90 weight section, the polyvinylidene fluoride 7 weight section as a 
binder, the acetylene black 3 weight section as an electric conduction agent, and the N- 
methyl-2-pyrrolidone 70 weight section were mixed, and it considered as the slurry. This 
slurry is applied on both sides with a thickness [ as a charge collector ] of 20 micrometers 
of aluminium foil, it dries, subsequently rolling processing is carried out, and they are 20 
mg/cm2 per one side of aluminium foil in this way. The positive-electrode object which 
has a positive-active-material constituent layer was produced. On the other hand, the 
scale-like graphite 90 weight section, the polyvinylidene fluoride 10 weight section, and 
the N-methyl-2-pyrrolidone 200 weight section were mixed, and it considered as the 
slurry. This slurry is applied to both sides of copper foil with a thickness [ as a charge 
collector ] of 14 micrometers, it dries, subsequently rolling processing is carried out, and 
they are 10.4 mg/cm2 per one side of copper foil. The negative-electrode object which 
has a negative-electrode active material constituent layer was produced. Next, the 
positive-electrode object and the negative-electrode object were ****(ed) through the 
porosity polyethylene separator, and the cylinder can type lithium secondary battery 
(discharge capacity: 1300mAh) with a height [ of 65mm ] and an outer diameter of 18mm 
was manufactured. As the electrolytic solution, it is one mol [ per 11. (the rate of a mixed 



volume ratio is 3:2:5) of mixed solvents of ethylene carbonate, propylene carbonate, and 
diethyl carbonate ] LiPF6. The solution which comes to dissolve was used and this was 
sunk in between the above-mentioned positive-electrode object and the negative- 
electrode object. 

[0024] Subsequently, about each lithium secondary battery, the charge-and-discharge 
cycle property was measured according to the following charge-and-discharge cycle test 
method, and the discharge capacity maintenance factor (%) of a 100 cycle eye was shown 
in Table 1 . 

[Charge-and-discharge cycle test method] Area lcm2 of a positive-electrode object It is 2 
an area of 1cm of charge of 2.5 hours, an after [ charge ] 1-hour pause, and a positive- 
electrode object under the constant current and the constant voltage of 4.2V of 2.6mA of 
hits. Time of terminal voltage being set to 3 V under constant current of 1 .3 mA of hits 
Discharge capacity (mA-H) is repeatedly computed [ by making four processes of pause 
** of 1 hour after discharge and discharge into 1 cycle ] from the discharge current value 
in each cycle, and a charging time value 100 times under a room temperature (20 degrees 
C). Let the rate of the discharge capacity of each cycle eye to a first-time discharge 
capacity be a discharge capacity maintenance factor (%). 

[0025] every of the examples 1 -5 of a comparison which have the value of [20/ AB] out of 
range [ said formula (1) carried out ] from Table 1 - LiCo02 Lithium secondary battery 
using the granular object as positive active material, Each LiCo02 of the examples 1-4 in 
which the value of [20/AB] enters within the limits of a formula (1) to the discharge 
capacity maintenance factor in a 100 cycle eye being 85% or less The lithium secondary 
battery using the granular object as positive active material has 90% or more of high 
discharge capacity maintenance factor also in a 100 cycle eye, and it turns out that it has 
the charge-and-discharge cycle property of having carried out the deer and having 
excelled. 
[0026] 

[Effect of the Invention] the deer which whose Li-Co system multiple oxide of this 
invention is useful as positive active material, and was especially excellent in the charge- 
and-discharge cycle property — carrying out — various kinds of objects for electrical 
machinery and apparatus - it is suitable for manufacture of the long lasting lithium 
secondary batteries for portables etc. above all. 
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